ABSTRACT. The passive, single-breath, flow-volume technique is a simple method for measuring the resistance (Rrs) and the compliance (Crs) of the respiratory system in infants. S o far, the potential influence of end inspiratory occlusion time on these measurements has not been investigated. We measured Rrs and Crs in 36 infants and toddlers with bronchiolitis; in each child, a spectrum of nine fixed occlusion times, ranging from 90 to 600 ms, was applied in random sequence. Increasing the duration of occlusions from 90 to 275 ms resulted in marked stepwise changes of measured Rrs and Crs; occlusions longer than 275 ms, however, produced highly reproducible measurements, as expressed 1 ) by minimal absolute differences between measured values at subsequent occlusion times and 2) by minimal percentage changes of measured values from one occlusion time to the next. There was no influence of age on the results; reproducible measurements were made in children as old a s 1.5 y. This suggests that, in infants with bronchiolitis, 1 ) occlusions between 300 and 450 ms might be ideal for obtaining reliable measurements, and 2) the age range for applying this method can be extended into the 2nd y of life. (Pediatv Res 33: 273-277, 1993) Abbreviations YE, expired volume VE, expiratory flow Pao, pressure measured a t airway opening Rrs, resistance of the respiratory system Crs, compliance of the respiratory system Trs, time constant of the respiratory system More than three decades ago, Comroe et al.
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This simple technique might develop into a routine method for assessing lung function in infants; as a prerequisite, however, several methodologic questions must be addressed. One problem that so far has not been sufficiently evaluated is the question of "optimum end-inspiratory occlusion time." Too-short occlusions do not result in complete muscle relaxation and pressure equilibration. As is evident from the lack of any linear portion of the expiratory flow-volume plot, too-long ones are disturbed by recommencing respiratory muscle activity.
So far, most investigators have observed Pao visually and have released their manual occlusion when the tracing appeared flat. A true pressure plateau should be characterized by a zero change over a defined period of time; as yet, however, no relevant standardization efforts have been made. In preliminary trials, we encountered several practical difficulties when trying to focus on the pressure plateau for a timely termination of the occlusion. In some children, one could observe two plateaus, separated by a small pressure step; in others, the tracing, while appearing flat, continued to show further small changes of Pao on closer inspection. Frequently, manual occlusions are released too late, resulting in tracings that are distorted by recommencing respiratory muscle activity.
Consequently, we decided to evaluate the question of "optimum occlusion time" without focusing on the pressure plateau; our indirect approach was based on applying a series of different occlusion times to each patient. We thereby addressed the following questions: I ) Does the duration of the occlusion have an influence on the measurement of Pao, Rrs, and Crs? 2) If so, is there a range of occlusion times over which the measured values of Pao, Rrs, and Crs do not differ significantly? Reproducibility of measured values over such an occlusion time range would suggest a satisfactory degree of respiratory muscle relaxation and pressure equilibration and, thereby, would indicate optimum end-inspiratory occlusion time.
MATERIALS AND METHODS
Forty infants and toddlers, referred for lung function testing because of acute viral bronchiolitis, were recruited for the study. Two infants with imminent respiratory failure were excluded. Also excluded were two other infants on the basis of repeatedly alinear flow-volume tracings. The remaining 36 patients studied, 23 boys and 13 girls, covered an age range from 3 to 79 wk; anthropometric data and respiratory rates are given in subgroup C, 12 infants and toddlers older than 9 mo. Informed consent was obtained from the parents. One or both of the parents were present during the investigation. Before lung function testing, each infant fasted for 3 h, then was sedated with orally administered chloralhydrate (60 to 80 mg/kg body weight), and subsequently was fed. Lung function was measured with the infant sleeping in the supine position.
Passive respiratory mechanics, specifically Rrs and Crs, were measured by the single-breath occlusion technique, as described elsewhere (4, 5) . Briefly, end-inspiratory airway occlusion stimulates the Hering-Breuer reflex, thereby inducing relaxation of the respiratory muscles against the shutter. Under these conditions, Pao equals the passive recoil pressure of the respiratory system. The subsequent termination of the occlusion results in a relaxed expiration; its linear portion is extrapolated to the volume-and flow-axis of the flow-volume plot. These volume and flow measurements, together with Pao, allow for calculating Rrs and Crs.
In each infant, nine fixed end-inspiratory occlusion times (90, 140, 215, 275, 320, 380, 450, 520, and 600 ms) were applied in a randomized sequence. Several end-inspiratory occlusions were performed with each occlusion time; for measuring Pao, passively expired volume, and VE, the mean values of four to eight satisfactory curves were used. In accordance with previous work (2, 6), a straight linear relationship of VE to VE between at least 38 and 75% of VE was used for defining a satisfactory curve.
The measuring equipment was custom-built for this study. An appropriately sized face mask was connected to the airway opening of the sleeping infant by sealing it with a ring of silicon therapeutic putty around mouth and nose. Connected to the face mask was an electromechanically operated and electronically controlled shutter system with a response time of 20 ms (Biegler, Mauerbach, Austria). Flow was measured with a Fleisch 0 or 1 pneumotachygraph, attached to a low-pressure-range HBM PDI (0.01 bar = 10.2 cm H 2 0 ) differential pressure transducer and a n HBM MVD 2406A amplifier (Hottinger Baldwin Messtechnik, Darmstadt, Germany). The pneumotachygraph was attached distal to the shutter system and thus was not pressurized during occlusions. The obtained flow signal was electronically integrated into volume. Pao was registered using an HBM PDI (0. I bar = 102 cm H 2 0 ) pressure transducer with an HBM MVD 2406A amplifier (Hottinger Baldwin Messtechnik). Flow, volume, and pressure signals were recorded in real time on an ATpersonal computer with a WFS-8 sampling chart, with a sampling frequency of 300 Hz (Biosys, Vienna, Austria).
For statistical evaluation, measurements at different occlusion times were compared by analysis of variance. In addition, the percentage changes of measured values from any given occlusion time to the next were calculated; changes less than 5% were below the 5% limit around 275 to 320 ms and remained there considered not significant.
for each pair of the longer occlusions. Percentage change of Crs decreased continuously toward the 5% limit from 320 to 380 RESULTS Figure 1 shows a representative series of tracings obtained in a boy, aged 46 wk, with bronchiolitis. As in this example, a straight linear part of the VE-VE plot could be easily obtained in all cases. Table 2 shows VE, VE, Rao, Rrs, Crs, and Trs of the entire group for each occlusion time. For Pao, Rrs, and Crs, the difference between measurements at 90 and 140 ms was highly significant (p < 0.001). In addition, Pao measurements at 140 and 2 15 ms differed significantly ( p < 0.02). Increasing the duration of airway occlusions stepwise from 90 to 320 ms resulted in marked alterations of measured values from one step to the next; no further relevant changes, however, were observed over the occlusion time range of 320 to 450 ms. Intraindividual variability of the measurements is shown in Table 3 ; with the exception of measurements after occluding for 90 ms, mean coefficients of variation remained under 10% and reached a minimum between 320 and 450 ms.
The mean difference of Pao, Rrs, and Crs for each pair of subsequent occlusion times decreased progressively with increasing duration of the occlusions and became minimal above 275 ms. As shown in Figure 2 , percentage change of Pao and Rrs fell ms; for the following pairs of occlusion times, changes remained between 5 and 6%.
Findings for each subgroup differed neither from those for the entire group nor from each other (Tables 4-6 ). Thus, there was no age-related factor in the above-described interrelation of measured values and the duration of the occlusions.
From the occlusion times-Pao plot, the time needed to reach 95% of maximum Pao was calculated. This time ranged from 245 to 550 ms (mean = 386, SD = 67); it did not differ significantly between subgroups, In an attempt to investigate whether pressure equilibration depended on disease severity, this time was correlated to respiratory rate; this correlation did not reach statistical significant for any of the subgroups or for the entire group of children.
DISCUSSION
This study shows a clear-cut influence of the duration of airway occlusion on the "single-breath" measurement of Rrs and Crs in infants and toddlers with bronchiolitis. 
